Abstract: Childhood obesity and asthma are on the rise in the U.S. Clinical and epidemiological data suggest a link between the two, in which overweight and obese children are at higher risk for asthma. Prevention of childhood obesity is preferred over treatment, however, in order to be receptive to messages, parents must perceive that their child is overweight. Many parents do not accurately assess their child's weight status. Herein, the relation between parental perceptions of child weight status, observed body mass index (BMI) percentiles, and a measure of child feeding practices were explored in the context of asthma, food allergy, or both. Out of the children with asthma or food allergy that were classified as overweight/obese by BMI percentiles, 93% were not perceived as overweight/obese by the parent. Mean scores for concern about child weight were higher in children with both asthma and food allergy than either condition alone, yet there were no significant differences among the groups in terms of pressure to eat and
beneficial [15] . However, evidence-based research in this area is still limited and even less well understood is how atopic conditions affect parental feeding practices. Dietary manipulations may occur by using controlling feeding practices such as restrictive feeding, pressure to eat, and monitoring. Research findings on the relationship between controlling feeding practices and child weight are inconsistent. Some studies suggest that such feeding practices are linked with an obese phenotype in later life by overruling a child's ability to respond to internal signals of hunger and satiety [16] . Specifically, parents of obese children are more likely to use restrictive feeding practices, whereas parents of underweight children report pressuring their child to eat [17] . What is yet to be understood is the extent of how parents of children with asthma and/or food allergy apply such feeding practices and if their feeding practices differ by health condition. It seems reasonable that parents of children that are perceived to have food allergies will likely translate their concern by restricting their child's feeding. Such restriction may be directed towards limiting the child's food intake and variety. However, it may carry negative consequences by promoting an unbalanced or unhealthy diet, or by compromising the nutritional well-being of the child, potentially impacting weight gain and disease management. Whether they also experience pressure to eat or increased parental monitoring is unclear. The impact of asthma diagnosis on controlling feeding practices is also not well understood.
Another issue that complicates the food environment of children with asthma is the increased risk for food allergies [18] . The prevalence of food allergy among children <18 years of age significantly increased by 18% between 1997 and 2007 [19] . Children with asthma are likely to develop other allergic conditions including food allergy, and food allergy is associated with more severe asthma [20] . Children in the STRONG (Synergistic Theory and Research on Obesity and Nutrition Group) Kids cohort were 3.3-times more likely to have asthma, if they also have a food allergy [21, 22] . The presence of food allergy is one indication that a child has allergic rather than nonallergic asthma. Allergic asthma is characterized by an increase in serum IgE in response to food allergens or other environmental stimuli. Individuals with allergic asthma also have important clinical and genetic differences when compared to those with nonallergic asthma [23] . Notably, adults and children with nonallergic asthma have shown a higher risk for obesity [24, 25] . The mechanism for this increased obesity risk is not well understood and evidence is lacking as to whether or not environmental factors such as parental feeding practices play a role. Despite the recognized early origins of childhood obesity, data linking parental perception of child weight status with childhood asthma and food allergies, and the association with parental feeding practices in preschool-aged children is lacking.
Study Aims
As part of the secondary data analysis of the STRONG Kids data, this study aims to describe parental feeding practices and perceived body weight status of children as well as to investigate associated weight trends of children with asthma and food allergy based on measured BMI percentile. This study adds to the understanding of the relationship between obesity and asthma and the potential role that parental feeding behaviors in preschool-aged children may play for children with asthma and food allergies. Current programs and policies focus on prevention as the preferred action for reducing child obesity, however, preventative measures must begin early in life in order to be effective [26] . By exploring the parental misperception of weight status in preschoolers, our long-term goal is to encourage conversations between the patient and the health care team that inform rather than blame parents and increase opportunities for healthy behaviors to be established early in childhood.
Methods
Families of children between 2 and 5 years old were recruited as part of the STRONG Kids cohort, a 3-wave study conducted over 5 years that explores childhood obesity within a developmental ecological framework [21] . To ensure socio-economic and racial/ethnic diversity, an unequal probability sampling frame was used to identify licensed day care centers (n = 33) across five counties in East-central Illinois. Beginning in January 2009, 91% (n = 30) of the centers permitted recruitment of children and their parents. Written informed consent was obtained from the parents of the children involved in this study. Assent was obtained from the children to collect height and weight. This research was approved by the Institutional Review Board at the University of Illinois at Urbana-Champaign, and meets all requirements for ethical conduct for research with human subjects.
Response rates among parents ranged from 60% to 95% across centers. Of the 497 surveys collected for wave 1 at the time of this analysis, only children with measured height and weight (n = 407) were included. There were no significant differences in race/ethnicity, age, and gender of the child, or annual household income between children without a height or weight measurement and those with a height and weight measurement.
Data Collection
A comprehensive self-report questionnaire designed to collect data on demographic characteristics, feeding practices, food allergy, dietary and physical activity behaviors, and various aspects of parent-child relationships that moderate behaviors related to obesity risk among children was completed by the parents (biological or non-biological parent/other caregiver) of the enrolled children [21] . Parents completed surveys online or were mailed surveys, if they did not have Internet access. Height (cm) and weight (kg) of the children were collected at their child-care sites by trained research assistants. Height and weight was collected 3 times using a stadiometer (Seca, Model 242, Hanover, MD, USA) and scale (HealthOmeter, Model 349KLX, Jarden Consumer Solutions, Boca Raton, FL, USA), respectively, and the average was recorded across the three measurements.
Demographics
Information on parent's gender, marital status, parent's race/ethnicity, education, annual household income, child's gender, child's race/ethnicity, and health care coverage was collected from the parent.
Prenatal history, any chronic medical conditions in the child, and family history in the biological relatives of the child were collected. Child food allergies or sensitivities were collected using questions adapted from a validated questionnaire [27] . Food allergy was determined based on positive parental report of food allergy or sensitivity to cow milk, peanuts, other nuts, egg, soy, fish, wheat, sesame, artificial sweeteners, shellfish, fruits, vegetables, and other foods. A child was considered to have a food allergy if he/she was allergic to at least one type of food, and no food allergy if he/she was not allergic to any food. Asthma was determined based on responses to the question "Has your child been diagnosed with any chronic medical conditions (e.g., PKU, type I diabetes, cystic fibrosis, asthma, inborn error of metabolism)?" Child BMI was calculated as weight (kg)/height 2 (m 2 ) and was converted into age and gender specific BMI percentiles [28] .
Parental Feeding Practices and Perceived Weight
The STRONG Kids panel survey included the Child Feeding Questionnaire (CFQ) items [29] . The CFQ is a commonly used self-report of parental beliefs, attitudes, and practices regarding child feeding that includes 28 items presented on a 5 point Likert-scale. The CFQ items are used to compose 7 factors including perceived responsibility (Cronbach's alpha = 0.86), concerns about child weight (Cronbach's alpha = 0.80), restriction (Cronbach's alpha = 0.78), pressure to eat (Cronbach's alpha = 0.74), monitoring (Cronbach's alpha = 0.86), perceived parent weight (Cronbach's alpha = 0.78), and perceived child weight (Cronbach's alpha = 0.79). The CFQ assessed the child's and parents' weight status history by obtaining their weight status at different time periods. According to the CFQ, perceived child weight was assessed by taking the mean of 3 items that address the parental perception of the child's weight when the child was 0-11 months, 12-23 months, and currently. Perceived parent weight was assessed by taking the mean of 4 items that address the parental self-perception of weight status when the parent was 5-10 years old, 11-19 years old, in their 20s, and currently. All perceived weight status items were measured on a scale of markedly underweight, underweight, average, overweight, or markedly overweight. Only the currently perceived child weight was used in correlation analyses (see Statistical Analysis section).
Statistical Analysis
The child's asthma and food allergy status was categorized into 1 of 4 groups: no asthma or food allergy, food allergy only, asthma only, and asthma and food allergy. A food allergy index (1-3) was created by categorizing the number of food allergies (1-2, 3-4, 5, or more) to examine the effect of an incremental increase in the count of food allergy. The BMI percentiles were initially categorized into 4 categories of underweight (<5th percentile), healthy weight (5th to <85th percentile), overweight (85th to <95th percentile), and obese (≥95th percentile). Due to the limited sample size of underweight (n = 10) and obese (n = 31) children, participants were classified into 2 groups of either healthy weight, by combining the first 2 categories, or overweight/obese, by combining the third and fourth categories. Only 37 children were considered to be (reported as) markedly underweight and underweight as perceived by the parent. Thus, in order to increase the analytic sample size, children who were considered to be markedly underweight, underweight, and average by the parent were combined into 1 group of healthy weight children as perceived by the parent, and children who were considered overweight or markedly overweight by the parent were combined into another group of overweight/obese children as perceived by the parent. Similar results were observed after excluding children who were underweight according to BMI percentiles and children who were perceived to be markedly underweight or underweight by the parent (not shown). Therefore, results using the combined weight status categories are reported in this manuscript. The general association of the continuous child BMI percentiles and the parental perception of the child's current weight status with the CFQ subscales were examined using the Spearman's rank correlation coefficient (Spearman's rho).
The child's current weight status was 1 of the 3 components of the perceived child weight subscale and addressed the parental perception of the child's weight in the current time period only. Comparisons of categorical data were performed using the Chi square test or Fisher's exact test. The Cochran-Armitage exact trend test was used to explore trends in the association of 2 categorical variables. CFQ subscales were compared across groups using the Analysis of Variance (ANOVA). The Wilcoxon 2-sample test with t-approximation or Kruskal-Wallis test was used to compare continuous data that was not normally distributed. A 2-tailed p value <0.05 was considered statistically significant. No adjustment for multiple testing was performed in this preliminary analysis. All analyses were conducted using SAS version 9.3 (SAS Institute, Cary, NC, USA).
Results

Participants
The characteristics of the study population are presented in Table 1 . Out of the 407 child participants, 51.8% were males, and 5.4% were Hispanic. Out of the non-Hispanic children, 26% were Black or African-American, 57.3% White, 10.1% Asian, and 1.2% American Indian or Hawaiian Native. A total of 94 children (23.1%) were classified as overweight/obese and 313 (76.9%) as healthy weight according to BMI percentiles. Median age was 42 months (25th percentile = 35, 75th percentile = 47) and it did not differ by BMI percentile category. The 332 children (81.6%) who did not have asthma or food allergy consisted of 253 healthy weight children and 79 overweight/obese children; the 38 (9.3%) who had food allergy only consisted of 31 healthy weight and 7 overweight/obese; the 30 (7.4%) who had asthma only consisted of 23 healthy weight and 7 overweight/obese; the 7 (1.7%) who had both asthma and food allergy consisted of 6 healthy weight and 1 overweight/obese. A total of 89% of the parents were female, 69% married or cohabitating, 23% single, 94% non-Hispanic, 13% completed high school, only 31% completed some years of college or technical school, and 56% completed college or post-graduate work. As shown in Table 1 , only the race of the child, and parental education, and employment, differentiated the healthy weight from overweight/obese children. Black or African-American children of employed and less educated parents were more likely to be overweight/obese.
Prevalence of Child BMI Percentiles by Asthma-Food Allergy Status
Median BMI age and sex-specific percentiles differed by the asthma-food allergy status group, being 62.5 in children with no asthma or food allergy, 64.4 in those with food allergy only, 70.5 in those with asthma only, and 72.3 in children with asthma and food allergy. These differences were not significant. Additionally, among children with food allergy, the proportion of overweight/obese children was about twice that in children with five or more food allergies (33.3%) compared to children with one to two food allergies (17.1%), but this relationship did not achieve statistical significance. Table 2 shows the relationship between the BMI percentiles and the parental perception of the child's current weight status. About eight times more children (93 vs. 12 children) were identified as overweight/obese according to BMI percentiles than by parental report. Significant discordance (p = 0.009) and very little agreement (kappa = 0.08, 95% confidence interval ((CI) = 0.01, 0.16) was noted between the child's current weight status as perceived by the parent and measured BMI percentiles. Among the 93 children categorized as overweight/obese according to BMI percentiles, most (92.5%) were perceived to be healthy weight by the parent. In contrast, among 305 children considered to be healthy weight according to the BMI percentiles, 98.4% were perceived to be healthy weight by the parent. When stratified by gender, the association remained significant in boys, but not in girls (data not shown). Two discordant groups were identified. The first included 86 children who were classified as overweight/obese according to BMI percentiles, but not according to the parent. The second included five children who were classified as overweight/obese according to the parent, but not according to BMI percentiles. When comparing the prevalence of asthma-food allergy status across the discordant groups, children in the first discordant group (identified as overweight/obese by BMI percentiles, but not perceived as such by the parent) were found to have more children with asthma and food allergy compared to the second discordant group (children perceived as overweight/obese by the parent, but not identified as such by BMI percentiles). In the first discordant group, a total of 13 children had asthma only or food allergy only. In the second discordant group, only one had food allergy and none had only asthma. None of the discordant groups had children with both asthma and food allergy.
Discordance in the Classification of Overweight/Obesity
The distribution of the child's BMI percentiles and the parental perception of the child's current weight status across asthma-food allergy status categories was examined. Figure 1 shows the proportion of overweight/obese children according to BMI percentiles and the parental perception of their child's current weight status within each asthma-food allergy category. Except for children with both asthma and food allergy, the prevalence of obesity, when objectively measured using BMI percentiles, was consistently higher than parental perception. Further, a higher proportion of overweight/obese children among children with asthma only compared to children with food allergy only was observed irrespective of the obesity measure (23.3% vs. 18.4% according to measured BMI percentiles and 3.3% vs. 2.6% according to parental perception).
The discordance between the measured child's BMI percentiles and the parental perception of the child's current weight status was evaluated across three of the four levels of asthma-food allergy status (no asthma or food allergy, food allergy only, and asthma only). As there was only one child in the asthma and food allergy group who was classified as overweight/obese by both BMI percentiles and the parent, no definitive conclusions could be drawn about this group. Figure 2 shows the proportion of healthy weight and overweight/obese children according to parental perception of the child's current weight status within children with no asthma or food allergy, food allergy only, and asthma only who have been classified as overweight/obese according to BMI percentiles. Only the comparison among children with no asthma or food allergy achieved statistical significance whereby five (6.3%) were perceived as such by the parent (p = 0.039) but the remaining 73 children (92.4%) were not. None of the seven children with food allergy only who were classified as overweight/obese according to BMI percentiles were perceived as such by the parent. In children with asthma only that were classified as overweight/obese by BMI percentiles, 6 (85.7%) were not perceived as such by the parent while only one (14.3%) was. Thus, the weight status of 13 (seven with food allergy only and six with asthma only) out of 14 (92.9%) children with asthma only or food allergy only was incorrectly perceived by the parent (discordant). Table 3 displays the mean score of the CFQ subscales in the asthma-food allergy status groups. Perceived child weight (p = 0.037) and concern about child weight (p = 0.022) differed significantly by asthma-food allergy status. Mean levels were higher in children with asthma compared to children with food allergy only. Perceived child weight (Spearman's rho = 0.367, p < 0.0001), perceived parent weight (Spearman's rho = 0.225, p < 0.0001), concern about child weight (Spearman's rho = 0.198, p < 0.0001), perceived responsibility (Spearman's rho = 0.121, p = 0.015), and pressure to eat (Spearman's rho = −0.159, p = 0.002) were weakly correlated with child BMI percentiles. Concern about child weight (Spearman's rho = 0.137, p = 0.003), restriction (Spearman's rho = 0.126, p = 0.007), pressure to eat (Spearman's rho = −0.107, p = 0.019), and perceived child weight (Spearman's rho = 0.616, p < 0.0001) were weakly to moderately correlated with the parental perception of the child's current weight status. Table 4 presents the correlation of the CFQ subscales and child BMI percentiles in the asthma-food allergy status groups, and Table 5 presents the correlation of the CFQ subscales and parental perception of the child's current weight status (a subcomponent of the perceived child weight subscale indicating current weight status only) in the asthma-food allergy status groups. Similar trends were seen with the exception of a markedly strengthened correlation between concern about child weight and BMI percentiles in children with asthma and food allergy (Spearman's rho = 0.778, p = 0.039). Restrictive feeding practices were associated with parental perception of their child's current weight only in children with no asthma or food allergy. 
Feeding Practices across Asthma-Food Allergy Status Categories
Discussion
We explored the relation between parental perception of child weight status and observed BMI percentiles among children with a median age of 3.5 years, and compared this relation between those with food allergy only, asthma only, and those with asthma and food allergy. Consistent with previous research, children with asthma were more likely to be overweight or obese [30, 31] . We also noted that children with both asthma and food allergy had the highest median BMI percentiles. Due to the limited sample size, we were not able to detect reliable group differences in this small sample. Future research with larger samples should consider the combined risk of asthma and food allergy in childhood obesity.
Previous research shows that about 30%-80% of parents do not correctly identify their child's weight status especially among parents of preschool-aged children [10, 14, [32] [33] [34] . We also found that the majority of parents did not perceive their children as overweight/obese, even when classified as overweight/obese by BMI percentiles. For those children who were classified as overweight/obese, less than 10% of the parents perceived their children to be as such. This discordance between BMI percentiles and parental perception persisted in children with asthma or food allergy. Out of the children with asthma or food allergy that were classified as overweight/obese by BMI percentiles, 93% were not perceived as overweight/obese by the parent. Parents who do not perceive their child as overweight are less likely to offer a healthy dietary lifestyle, which may have consequences for how the parents regulate their child's food intake as well as their receptiveness to messages regarding prevention of excessive weight gain [29, 35] .
In the STRONG Kids cohort, an assessment of parental feeding perceptions, attitudes, and practices suggested that parents of children with asthma perceived them to be heavier than parents of children with food allergy. Furthermore, mean scores for concern about child weight were significantly higher in children with asthma and food allergy (2.24) than children with asthma only (1.68) and food allergy only (1.46). In fact, concern about child weight was associated with child BMI percentiles most strongly among children with asthma and food allergy. These findings suggest that the observed differences in parental concern about their child's weight will translate into differences in specific feeding practices to control their child's eating, including monitoring, restriction, and pressure to eat, and that these differences may be largest for children with both asthma and food allergy compared to the other groups. However, this study found that families of children with asthma and food allergy had the lowest monitoring scores. Furthermore, there were no significant differences among the groups in terms of pressure to eat and restrictive feeding practices. Additionally, restrictive feeding practices and concern about child weight were weakly yet significantly associated with parental perception of their child's current weight in children with no asthma or food allergy. These data suggest that parents restrict food intake in response to their concern about what they perceive the child weight status to be, rather than the child's measured BMI percentiles. It also suggests that parents of children with asthma or food allergy may not always be receptive to information from their pediatrician or health care team on appropriate feeding practices. Overall, similar trends were seen after excluding children who were considered to be markedly underweight or underweight according to the parental perception of child weight status and BMI percentiles.
One of the major limitations of this study is the small number of children with asthma only, food allergy only, or both who were also classified as overweight/obese according to BMI percentiles. Therefore, this study may not be generalizable to the US population, although the prevalence of asthma and allergy in STRONG Kids is similar to a nationally representative aged-matched sample [18, 22] . In addition, no conclusions about causality can be made due to the cross-sectional design. Results from this study may not be comparable to other studies due to differences in the weight status categories for both BMI percentiles and parental perception of child weight, in which underweight children were combined with healthy weight children and overweight children were combined with the obese. Further, parents of children with asthma and/or food allergies face several challenges when trying to manage their child's weight. For example, the severity of the asthma, the side effects of asthma medications, or the child's preference for certain foods can influence the parent's feeding practices. It would be interesting to account for these factors when exploring parental feeding practices in future studies. The STRONG Kids survey did not address the question of asthma severity, therefore, it was not possible to relate asthma severity with the number of food allergies. Additionally, this study does not account for the extent of physical activity in the children, and does not have enough sample size to stratify the analyses by ethnicity. Lastly, a self-report questionnaire was used including the asthma report by the parent, thus subjecting the data to reporting bias. However, given the young age of this sample, we expect the reporting of asthma to be low, because asthma is difficult to diagnose before the age of five years [36] . Longitudinal data from a larger sample that has been collected to answer the study questions would help clarify the present findings, and shed light on which children who currently do not have asthma or food allergy are destined to develop one or more of these conditions. The strengths of this study are that children's height and weight were objectively measured, the CFQ is a validated measure of child feeding perceptions, attitudes, and practices, and that this is a very young population of children where parental feeding practices play a major role in their likelihood for obesity.
Conclusions
In conclusion, a significant proportion of parents of overweight/obese preschoolers, including children with asthma, food allergy, or both, underestimated their child's weight status. Parents of children with both asthma and food allergy showed the greatest concern for their child's weight, and their concern was most strongly associated with child's BMI percentiles in this group. This concern, however, did not appear to translate into differences in the use of restriction, monitoring, or pressure to eat between children with no asthma or food allergy and those with asthma, food allergy, or both. Therefore these parents may ignore health messages targeting obesity prevention, thus increasing their children's likelihood for obesity.
